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ABSTRACT

Inthisarticle,theauthorsexaminedtheelectricalcharacteristicofproposednewdevicestructure,
wrappedchannel field effect transistor (WCFET).Results ofWCFEThavebeen analyzedusing
Atlas3-Dsimulator.WCFETshowsbettertransfercharacteristicswithON-currentIONof~10-6A
andleakagecurrentIOFFof~10-16A.Optimizationofdevicecharacteristicsisdonewithdoping
concentration (ND), gate work function (ΦG), and spacer dielectric. Impact of gate length and
semiconductorfilmthicknessvariationondraincurrent,subthresholdslope(SS),andDIBLarealso
investigated.Further,effectsofvariousgatedielectricmaterialssuchasSiO2,Si3N3,HfO2,and
TiO2areexaminedw.r.t.switchingcharacteristicsofWCFET.Tovalidateofdevicecompatibility
withpowersupplyscaling,theauthorsinspectedfullrangevariationofVDS≈(0.05V-to-0.7V)on
transfercharacteristics.
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1. INTRodUCTIoN

Tomeetthedemandofsemiconductormarket,thedensityoftransistorsinachipisincreasingrapidly.
Theformationofultrasharpandshallowsource/drain,PNjunctioninmultigatedevicesischallenging
taskforsemiconductortechnologists.Soresearchersstartedsearchingforalternativesolutionofthese
bottlenecks.Gate-all-aroundjunctionlessFET(GAA-JLFET)isoneofthemostpromisingcandidates
forfutureCMOStechnologyduetotheirimprovedelectrostaticcontrolcomparedtodoublegateas
wellasbulkdevicesMorita(2013),Suzuki(1993),Frank(1998),Hu(1993),Li(2009),Ray(2008).
However,itislimitedbythescalabilityasfabricationprocedurerequiresveryhighlevelofcalibration
andprecision.Further,randomnessaddedforlessthan20nmprocessmakesitunviable.Junctionless
field-effecttransistorisunderevaluationaspotentialreplacementsfortraditionalplannertransistors
inupcomingsub-20nmtechnologynodes.Itispotentialsolutiontorandomdopantfluctuationas
itcontainsuniformlydopedchannel.Additionally,ithassuppressedshortchanneleffectsandhigh
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switchingspeedSuzuki(1993).However,lowimprovementinsubthresholdslopemakesjunctionless
transistorspowerhungrydevicesandhindersjunctionlessFET(JLFET)frompotentialapplications.
Therehavebeenmultipleattemptstooptimizethepowerandperformancetrade-offusingvarious
approacheshowever,there’sstillscopeofimprovement[8-16].Thisbottleneckcanbesolvedusing
WCFETwhichhighlysuppressesleakagecurrent.Inthiswork,wehaveproposedanoveldevice
structure, Wrapped Channel Field Effect Transistor (WCFET). The proposed device has several
advantagessuchasbettergatecontrol,lowleakagecurrent(IOFF)andeasyfabricationprocessthan
junction-baseddevicessuchasdoublegateconventionalMOSFETs,FINFETetc.WCFETscanbe
seenasseenasamalgamationofFINFETsandSOIstructures,bringingadvantagesofboththemodels.

2. CoNCEPT AdoPTIoN ANd dEVICE SIMULATIoN dETAIL

DevicestructuresofSOIFINFETandWrappedChannelFET(WCFET)areshowninFig1.Wrapped
channelstructureisinvertedformofFINFET.Insteadofhavingsinglesheetofchannel,channelis
wrappedinthreesidesofgatemaximizingcurrentinperunitareaatsamelevelofgatecontrolon
draincurrent.ThismakesWCFETalmost3timesmoreeffectivethanFINFET.Thecontrolover
current is achievedusing thin channel similar toSOI structures.Asboth the architectureswork
injunctionlessmodehenceinoffstatechannelgetshighlydepletedwhileinonstate,channelis
partiallydepleted.ThesemiconductorfilmthicknessissmallenoughtocausefulldepletioninOFF-
state.Thisdepletioniscausedbytheworkfunctiondifferencebetweengateelectrodeandhighly
dopedchannel.InOFF-state,depletionofhighlydopedchannelcauseselectricfieldperpendicular
tothedirectionofcurrentflow.Thefieldbecomeszeroabovethresholdastheconductingchannel
isneutral.Fig.(2and3)showaxonometricviewandcross-sectionalviewofelectronconcentration
profileofFINFETandWCFETinOFF-state(VDS=0.7V,VGS=0.0V)andON-state(VDS=0.7V,
VGS=0.7V).Contrarytoinversionmodedevicesthesestructuresobservebulkcurrentflowwhen
deviceisswitchedON.Table1depictspre-setparameters.WCFETisbasedonverybasicideai.e.
theleakagecurrentbecomessignificantbeneathgateelectrodeafter5nmdepthorinotherwords,if
channelthicknessislessthan5nmthencurrentwouldbehighlycontrolledwithinsignificantleakage.
Thisisestablishedthroughournumericalsimulationsaswell.WehavesimulatedSOIFINFETwith
FINof5nmthickness,UltraThinBody(UTB)SOIwiththicknessof5nmandSOIFINFETwith
FINof10nmthickness.Allofthemcontainjunctionlesschannel.FINFETshaveFINheightof30
nmandUTBhaswidthof30nm.SiO2isusedasdielectricwithEOTof2nmandgatelength22
nminallthreestructures.Allthemodelparametersandstructuralparametersarekeptsame.The
basicmotivewastocomparethesestructuresfordifferentfilmthicknesses.ThisisillustratedinFig.
4whichcomparesON-statecurrent(ION),OFF-statecurrent(IOFF),ON-OFFcurrentratio(ION/IOFF),
DrainInducedBarrierLowering(DIBL)andSub-thresholdSlope(SS).Clearly,IONishighlyreduced
inFINwith5nmthicknessduetomobilitydegradation.ThiseffectislowerinUTBof5nmthickness
asitcontainssinglegateandhenceithasbetterdrivecurrent.However,FINwith10nmthickness
hashighestdraincurrentbecauseofmorecross-sectionalareaandlessermobilitydegradation.IOFF
ishighlysuppressedin5nmFINbecauseofbettergatecontrolandmobilitydegradation.Therefore,
ION/IOFFisthehighestobservedin5nmFIN.Moreover,ithasminimumshortchanneleffectsdueto
bettergatecontrol.Weobservedthat5nmFINprovidesbetterperformance;however,5nmUTBhas
comparativetransfercharacteristicswithadvantageofsinglegateperchannel.Therefore,wecoined
WCFETdevicearchitecturewhichcontains5nmthickfilmaroundsinglegate.Thisstructurehas
dualadvantageoflowbudgetfabricationprocessandareaefficientstructurethanFINFET.

3. SIMULATIoNS

SimulationsaredoneinDevice3D,aSILVACODevicesimulator.Drift-diffusioncurrenttransport
modelandLombardi’smodel(CVT)areusedforsimulationsColinge(2010),Rahi(2015),Asthana
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